It is this—or that: all the universe or nothing 
Adapt or perish, now as ever, is Nature's inexorable imperative. 


-H.G. Wells 


Space is there and we are going to climb it. 


- John F. Kennedy 


What would we do if the Earth were about to be destroyed? EVACUATE EARTH 
examines this terrifying and scientifically plausible scenario by exploring the 
technologies we would devise to carry as many humans as possible to safety. In 
EVACUATE EARTH, we envision a scenario in which a neutron star tiny and 
incredibly dense— is flying straight toward our solar system. When it arrives in 75 
years, it will pull our planets out of their orbits and shred the planet we live on. Our 
only choice is band together, create a vast ship and a new drive to power it, and find 
a new planet in the closest possible solar system to escape to. After a journey of 
almost a century, the ship will deliver mankind's remnants to our new home, and the 


human story will begin again. 


— from the National Geographic Channel Asia 
web advertisement for “Evacuate Earth” 


WORST CASE SCENARIO: 
EVACUATE EARTH! 


by David Bartell 





When the world crumbles will the pyramids fall up? 
(CGI Image by National Geographic Channels/ Nate Evans) 
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Forward 


When your phone rings, and the caller is listed only as UNKNOWN, do you answer it? | usually 
do not, preferring that the caller leave a message as the cost of the privilege of calling 
anonymously. On a breezy Fall day in 2011 — the same day that the Mars500 team emerged 
from their hermetically sealed simulation chamber in Russia with the conclusion that humans 
can be psychologically equipped to live in the isolation of space — | took such a call. In this case 
it was an unexpected pleasure, and for the next 46 minutes | tossed ideas around with television 
writer/director Bill McClane. 


Earlier that year, in my capacity as a science fiction writer, | appeared in my capacity as a 
science fiction writer on the Discovery Channel show Curiosity. The episode was Alien 
Invasion: Are We Ready? (UK title When Aliens Attack, not to be confused with a National 
Geographic show of the same title.) The show was produced for Discovery by Atlas Media 
Corporation, and Bill was the director. 


My wife told me that my less-than-fifteen minutes of fame might lead to similar opportunities. | 
liked the idea, and recalled the half-joking words of Alien Invasion producer Matt Koed, about a 
future opportunity: “You'll be my first phone call.” | was more skeptical. | was also wrong. 
Within three months of the US airing of Alien Invasion: Are We Ready, | got the call. 


Bill described a new project for the National Geographic Channel called Evacuate Earth. While 
| had some qualifications to participate in Alien Invasion, this new show was closer to home. | 
had published several science fiction stories about an Earth evacuation, part of a novel-in- 
progress. (The stories are available on-line at Smashwords.com and/or in the Amazon Kindle 
store.) 


Unlike my involvement in Alien Invasion, Evacuate Earth gave me the opportunity to contribute 
more original ideas in an earlier phase of the project, when the fictional scenario had yet to take 
shape. This allowed me to bring my scientific orientation to bear. 


Shows like Evacuate Earth toe a fine line between plausible science and entertainment. So do 
I. Although | have a degree in Astrophysics, | also have a background in film, and | have 
published some science fiction professionally. There is common ground in formats like 
“edutainment” and “docudrama”, but my more science-minded colleagues often complain about 
bad movie science. | often join them; many of us are truly interested in promoting good science. 


The New York Times review of EVACUATE EARTH notes, “Doomsayers these days can point 
not just to earthquakes, climate change, wars and financial ruin as evidence, but they can also 
point to science, which now prophesies the end of life on earth just as confidently as any 
religious fundamentalist.” 


Whoa. Did the New York Times just compare science to fundamentalism? No, it pointed out 
that science can be a tool for unscientific agendas. An important distinction. Equally important 
is the difference between shows like Evacuate Earth and the other two programs packaged with 
it for it’s premiere on December 2, 2012. The other shows are about the supposed Mayan 
doomsday. One in particular cautions against giving crackpot theories an audience while doing 
exactly that. Despite its doom and gloom, Evacuate Earth poses an improbable flavor of a very 
real possibility. 


The Earth could face catastrophic forces of nature, and we may have to prepare for them to 
survive. The goal of scientific doomsaying is to spin a cautionary tale that uses fiction to 
instigate thought. It is not important for television audiences to cower or prepare for unlikely 
events. But it is important for some of us to explore these questions, even if we do sometimes 
sound “bloodthirsty”, as the New York Times pointed out. 


Look: television is a visual medium. | don’t believe that a neutron star works like a vacuum 
cleaner, sucking away all loose change from the planet before it decides to also rip away what is 
tied down. Gravity doesn’t work that way. Still, Evacuate Earth combines authentic footage 
from NASA, JPL, Biosphere 2, and the European Space Association with dramatized footage, 
some sensational CGI, and talking heads of various persuasions — including mine. 


| hasten to add that the scenario played out in the show, and in this book, is not the one | would 
have written had it all been up to me. | will at times point out alternatives that | feel might be of 
interest. This scenario is intended to be good television, not a course in astronomy. This little 
book could be developed in any number of directions, but | have chosen to restrict it (more or 
less) to the framework of the National Geographic show in which | participated. 


- David Bartell, December 2012 
http://www.davidbartell.us/ 


Evacuate Earth? 





A rogue neutron star sucks up the Earth 
(CGI Photograph by National Geographic Channels/ Nate Evans) 


Evacuate the Earth? Sounds like a joke at best, a crackpot paranoia at worst. But is there a 
real possibility, however remote, that we would need to evacuate our precious planet? 


Actually, yes, there are several scenarios in which the wrenching decision to leave the Earth en 
masse would be raised. Some are more plausible than others, but all share at least one 
common quality: we would evacuate the Earth out of desperation because there is somewhere 
vastly better to go. 


At first blush, Mars may seem like the place to go. If the Earth is hit by a huge asteroid, we 
could begin all over there. National Geographic once aired a "Mission Mars" show and related 
contest. The scenario was 1000 years in the future, we are forced to move to Mars. “What 5 
things would you bring along?” was a question posed to the viewers. | was preparing to 
research Mars, when two things stopped me. 


First, unless the Earth is really a boiling blob of lava, it is far preferable to remain than go to 
Mars. Even if it is upturned radically, even if we lose half our atmosphere, even if all the water 
evaporates into space — still we would have a better chance to survive and rebuild than if we 
removed to Mars. 


Second, the producers of EVACUATE EARTH really wanted to have the Earth sucked into a 
black hole, and they really wanted us to build a starship and leave the Solar System altogether. 
Fair enough, and won't that be fun? A black hole would not only destroy the Earth, but it would 
consume the Solar System along with it. However, there is little chance of that happening any 
time soon. 


The scenario of a rogue neutron star coming to suck not only the Earth but the entire solar 
system into oblivion is a remote one — though more likely than a black hole. The odds don’t 
matter when the scenario promises such lurid television images, so you roll with it. 


But as we all know, there are other more imminent dangers threatening our planet, some of 
them of our own making. Whether the planet is completely atomized in an Earth-shattering 
kaboom, or “merely” ruined by global warming, disease, pollution, desiccation, depletion of 
resources, hammered by an asteroid, or what have you, it is in any case instructive to explore 
the ramifications. We live on a delicate world, after all, and have absolutely no Plan B. 


This book gives a glimpse of some elements of a Plan B, one of many possible. 


Of course, Plan A is to prevent whatever disaster threatens our survival, and that must be 
paramount. Earth is a good place to be, far preferable to the options. It would take a grave 
devastation of the world to create sufficient desperation for us to try to survive elsewhere. Yet 
when the gravest of possibilities is even remotely possible, someone must spend some effort 
considering it. 


It’s a staggering question to answer: could we really evacuate the world, if we wanted to? 
Certainly we could not remove every man, woman and child to safety, and it’s fairly safe to say 
that we could indeed set up a livable base for a few people on the Moon or on Mars. But that 
doesn’t constitute an evacuation, at least not a complete one. 


The word evacuation carries with it some baggage, so let’s parse it a bit in order to construct a 
more useful question. We are familiar with evacuations in our own history. In one type of 
evacuation, there is an area undergoing devastation, and help arrives from somewhere else. 
For example, in case of an impending battle or hurricane, authorities may come in and force an 
evacuation, facilitating the exodus and providing some measure of shelter, food and other basic 
relief. 


Another type of evacuation arises from within, when people decide for their own reasons to 
leave, and then do so using their own means. This may also happen due to war or a natural 
disaster, or even from slower, more subtle pressures. 


In some evacuations, citizens eventually return to their homes; in others, there is no viable 
home to which to return. 


It is safe to say that however bad things on Earth may become, it is still many times preferable 
to the next nearest potential homes: the Moon, Mars, a space station. Those places are 
intensely hostile, and we do not know yet whether we can live on them indefinitely. Given no 
choice, we surely would try to. But all the worst case scenarios we commonly entertain leave 
our mother world more livable than anywhere else. 


Enter the voracious neutron star. Something this dangerous could indeed destroy the entire 
solar system, leaving us nowhere near to go. It is just about the longest shot imaginable to think 
that we could remove a sustainable population to another star. 


Can humanity successfully establish a viable, perpetual colony off planet? There are several 
very difficult phases to such an endeavor, the failure of any of which will yield the answer “no”. 
Broadly, these are: 


1. Generate the political will to move off-world 

2. Obtain sufficient resources to do so 

3. Successfully evacuate the Earth before it is too late 
4. Stay alive 


These steps will be covered in the following chapters. Before that, let’s set the stage for our 
hypothetical evacuation. 


Devourer of Worlds 





Artist’s Rendering of a Neutron Star 
(CGI Image by National Geographic Channels/ Nate Evans) 


The Zeus-like Marvel Comics character Galactus is also known as the Devourer of Worlds 
because he does just that. It's enough to rank him fifth on the list of most popular super villains. 
If he were to actually come to make a light snack out of our planet, he'd jump to number one. 
‘Nuf said. 


Fortunately that's fiction. Unfortunately, there are natural objects out in space that could destroy 
not only the Earth, but our entire solar system. An asteroid of sufficient size could render the 
Earth uninhabitable, and this is not only possible but it has happened in the past. But we want 
to up the stakes. More exotic objects could in fact “eat” the solar system: a black hole, a 
neutron star, a rogue star. 


If there were a rogue star heading for us, we would know it — it would be visible, and its 
trajectory well known. No worries there; there is no such object. A black hole is more stealthy, 
since its own light cannot escape it. You cannot see a black hole directly in a telescope. 
However, black holes can be detected. The material they ingest spirals in, emitting radiation as 
it goes. It is by unique x-ray emissions that astronomers catalog black holes. Their powerful 
gravity also acts like a lens, distorting stars that pass behind it, and that might also tip us off. 


Since we are looking for a scenario that presents an end-of-the-world disaster as a sudden 
surprise, we will select as our Devourer of Worlds a rogue neutron star. There are a lot of them 
out there, and while we might see one coming, it is possible that one could slip through 
undetected until it is relatively close. 


Isn’t it unlikely that we would collide with another star? After all, the Sun has been waltzing 
around in the whirlpool of stars that make up the Milky Way galaxy for billions of years without 
hitting anything. We're at a comfortable — even mind-boggling distance from our nearest 
neighbors. 


Well, a collision is not impossible at all. In fact, stars and even whole galaxies collide often. If 
you think we have been lucky to avoid such a collision so far, think again. Our Milky Way 
galaxy is currently being pierced by a smaller galaxy called the Sagittarius Dwarf Galaxy. 
Today it is but a remnant, a wisp of stars wrapped around our galaxy’s shoulder like a sequined 
silk scarf. For the most part it passes unnoticed, but occasionally its stars pass close to ours, 
perhaps even colliding here or there. 


There are other rogue stars prowling around out there — most of them native to our own galaxy - 
and some of them are quite stealthy. Neutron stars are stealthy, because their nuclear fuel is 
spent. With nothing left to burn, they are dim. 


Neutron stars are so named because they are made up almost entirely of subatomic particles 
called neutrons. These stars are the remnants of certain supernovae. Think about the amount 
of energy output by the Sun. It scorches the space around it for billions of years. Now imagine 
an even larger star, ten to fifty times larger than the Sun, and imagine it exploding in a massive 
supernova, expending a great deal of that energy in a hellish 10 seconds! Now that’s an 
explosion. 


They are similar to black holes, but with less mass do not collapse so completely. However, 
they are immensely dense, containing about twice the mass of our Sun in a ball only 15 miles 
across. This makes them over 100,000 times denser than the Sun. A teaspoonful of neutron 
star syrup would weigh as much as 900 Great Pyramids. 


Because of their density, they have an equally staggering gravitational pull — so strong, in fact, 
that some light from behind the star bends around to the front. You can literally see a little bit of 
the back side of the star! 


There are two more important characteristics of neutron stars to consider. They emit pulses of 
radio waves and x-rays out of their magnetic poles. Also, they spin very rapidly — up to several 
times per second. Imagine something twice as heavy as the Sun spinning that fast! 


Now, putting these two characteristics together, electromagnetic emissions and rotation, you 
have something like a lighthouse — a beacon of light that rakes around in space. For an 
observer far away, such as an astronomer on Earth, this sweeping beam looks like a pulse, 
turning on and off at a regular interval. It is these pulses that allows us to see and identify 
neutron stars. 


There are a couple thousand known neutron stars in our galaxy, with a new one being formed 
every couple hundred years. So far, we don’t know of any nearby ones — the closest is over 


400 light years away. But suppose a neutron star’s “beacon” does not point at the Earth? That 
would make it far more difficult to detect. Also, if a neutron star is in a gap between clouds of 


interstellar matter, or if it is magnetized and spinning, its telltale signs will be missing. We would 
not see it directly, and could only surmise its existence by its influence on other objects near it, if 
any. 


Neutron stars are exotic animals, but they are real, not fiction. In addition to the two thousand 
we've cataloged, there are doubtless many more that we can’t see. Some of these are moving 
freely through space. 


Neutron stars parade around the galaxy center like other stars, but faster, and not always in the 
same direction. Picture swimming lanes with racers all Keeping in their lanes. Those are the 
stars. Now picture an enormous hungry shark bee-lining across the swim lanes, devouring 
whatever is in its way, and yanking along just about everything else in its wake. That’s the 
neutron star. 


How does a neutron star go rogue? There are several ideas to explain this. One theory is that 
after the supernova, the resultant neutron star is literally jet-propelled like a rocket. Neutrinos 
are shot out in a particular direction because of the lop-sided way the star is created. Neutron 
stars can scream through the galaxy at speeds over 2 million miles per hour. 


The closest known neutron star, ancient PSR JO108-1431, is also the second faintest known. If 
it were moving toward us at this speed, it would reach us in a hundred thirty thousand years. 
But there could well be other neutron stars much closer. We just can’t see them because they 
aren’t radiating in our direction. Their backs are turned. 





The neutron star whips up some asteroids 
( CGI Image by National Geographic Channels/ Nate Evans) 


So the possibility of a collision with a dark object is very real. And the scary thing is that we may 
not see the threat coming until it is close enough to smell it, so to speak. 


Eventually, of course, we would detect a rogue neutron star. Radiation from its magnetosphere 
would be one giveaway. Another would be its gravitational field. As it nears our solar system, 
every body in our system would be affected. We might see comets flying in from distant 
reaches. All the planets orbits would be perturbed, including the Earth’s. Even the Sun would 
be drawn to this monster. 


A glancing blow might spare the solar system, but things might be so disrupted that we would 
perish by any number of planetary cataclysms. It might as well be a direct hit. The only way to 
survive would be to get the hell out of the system in a space “ark” before the neutron star gets 
us in its vice-like grip. 


Again, the gravity from a neutron star would not behave like a vacuum cleaner, sucking up dust 
and water and loose objects. The gravity pulls on everything on the planet at the same time, 
and with the same force. So the entire world would be drawn toward the neutron star all at the 
same time. The vacuum-like images in the show are visually stunning, but hardly authentic. 
This is a perfect example of the demands of television trumping science. Compromise is often 
uncomfortable. 


Now, if the neutron star came very close to the Earth, the gravity on the side of the Earth 
nearest to the neutron star would indeed feel more force than the far side. The differential 
gravitation pull might resemble “sucking”, but on a planetary scale. The world would be pulled 
apart, cracked, peeled, and pulverized. 


But let’s get back down to Earth. 


Boiling Billions of Bullfrogs 


Suppose we have detected a rogue neutron star bearing down on us. We have 75 years before 
The End, though things will begin to get rough before then. At the end of chapter one, we listed 
some challenges we would face. This chapter will look at the first: 


Generate the political will to move off-world. 


This is a political problem simply because it takes the resources of a state to effect a manned 
space program of this scale. It is tempting to believe that when faced with imminent disaster, 
mankind will unite fora common purpose, in this case survival of the species. To a great extent, 
this is probably true, but the devil is in the details. Actually that saying was originally phrased in 
a more positive sense: “God is in the detail”, meaning that success depends upon attention to 
detail. 


We can not take for granted that in our scenario, everyone agrees that the Earth will in fact be 
destroyed beyond livability. Nor can we assume that everyone agrees that evacuating the 
planet is the right thing to do. Isn’t that a no-brainer, given our dire premise? 


We should not be so sure. The biggest obstacle in uniting mankind will be our stubborn refusal 
to agree with and cooperate with one another. There is a virulent anti-sentiment growing in the 
United States whereby political battles are waged under the guise of attacks on science and the 
scientists. A quote by scientist and science fiction giant Isaac Asimov that has been making the 
rounds as an internet meme sums up the situation nicely: 


“Anti-intellectualism has been a constant thread winding its way through our political and 
cultural life, nurtured by the false notion that democracy means that 'my ignorance is just 
as good as your knowledge.” 


He said this decades ago, but it applies now more than ever. This is a topic for a different book. 
The point is that achieving a consensus may be an impossibility. 


In his thoughtful writings about colonizing Mars, Robert Zubrin posits three models to provide 
the will to drive space exploration forward. The first is the John F. Kennedy model. With 
communists as the lurking villains, a far-sighted leader ignites the public imagination and 
provides funding to reach the Moon. Second, the Carl Sagan ideal, in which international 
cooperation leads mankind to reach together into space. Third, the New Gingrich approach 
provides incentives for private industry to take on the challenge. The merits and limitations of 
each of these may be readily apprehended by the reader. 


It is easy to imagine a joint effort, uniting NASA, the European Space Agency (ESA), the 
Russians, the Chinese, and others, all working together to build an Ark. However, | think it 
makes more sense for there to be two synergistic but separate efforts. This redundancy might 
make all the difference in the end. It might also be more practical and expeditious throughout 
the process. 


This is the stuff of science fiction, and a lot of SF writers have given deep thought to all this. 
The television creators have their own ideas, and they tend to use combine SF wisdom with 
their own ideas. The results are not always coherent; those of us who like hard science fiction 
often lament how a good premise was botched when a story is put to film. 


But, come to think of it, why should reality be any different? There will be as many designs for 
Arks as there are designers. | am not the only one to recommend building this Ark from a 
hollowed out asteroid — a favorite staple in SF. Why? Because you don’t have to launch your 
ship from the Earth’s “gravity well’. You have plenty of shielding from radiation. Plenty of raw 
material to build with, including water, if you use a comet. And there are other reasons. For 
some reason this approach seems strange to those unfamiliar with space exploration. | 
suppose it lacks the glamour and guts of a build-it-yourself spaceship. And it’s a pretty ugly Ark 
to put on at prime time, at that. 


Back to who does what. Let’s imagine a friendly competition to see who builds the better Ark. If 
you are China, why would you want to be fettered by the wiles of the West? China is better at 
ambitious projects today than the world’s democracies. The ability of modern China to turn itself 
on a dime is nothing short of astonishing. Today the major cities are so choked with air pollution 
that many people have never seen a blue China sky. But just wait. There is a new ecological 
awareness blooming in the Middle Kingdom, and if the government decides to clean things up, 
they can do it, and quickly. Like it or not, a heavy-handed government is far more efficient in 
making decisions and focusing on large projects. The best model for a government to build an 
Ark might be that of a benevolent dictatorship. 


It’s getting harder for a democracy to do expensive space programs. And if a minority of people 
will be able to evacuate, democracy works against the whole thing, doesn't it? Or will humanity 
rise to the occasion, as they did during World War II and the Space Race? Those examples are 
shining beacons of hope that we can muster the will to unite. | think that we will, if only because 
there aren’t any more attractive options. 


In any case, this is not just another space launch. Even a milestone so fabulous as colonizing 
Mars pales in comparison. The end of the world is a colossally philosophic event that will play 
out in countless ways in public discourse. 


Some will say that man deserves his fate. In Arthur C. Clarke’s novel The Hammer of God, a 
sect called “Chrislam” believes that the asteroid Kali is an act of God to destroy the world, and 
they sabotage efforts to avert the collision. While theologically naive, this idea that some will try 
to sabotage the Ark is credible. 





Not everyone would believe that the asteroid was flung by an angry god of course. Just the title 
of Lucifer’s Hammer by Larry Niven and Jerry Pournelle suggests a different antagonist bent on 
Earth’s destruction, this time by comet. It is interesting that even atheist writers like Clarke do 
not resist the temptation to cast natural disasters in a supernatural aura. In both cases the term 
“hammer” implies a created object with an intelligent purpose. Niven used the similar “Fist-of- 
God” to refer to the results of an impact in his Ringworld novels, making the hammering angry 
and more immediate. (He also wrote one of the most famous science fiction stories ever, a little 
tale called “Neutron Star’.) 





Doubtless the age-old debate about destiny and divine purpose would be sparked and fanned to 
infernal proportions. Humanity would reflect deeply on God and on His purpose for us and our 
world. Many believers would drop their faith, but it is also likely that many others would become 
faithful. The phenomenon of faith in the transcendent is perhaps an intractable human trait. 


One should not underestimate humanity’s faith in itself. Despite the probable religious battles, 
there is more than enough common ground for cooperation among peoples. History shows how 


strongly nationalism can become under pressure, whether it is Hitler's armies, or Kennedy’s 
astronauts. If one views the world as a single collection of people, it is easy to imagine how we 
would all work together to survive as a species. 


Unfortunately, the lines of geography, language and culture are also insidiously divisive. Even 
Gandhi could not keep India and Pakistan united. Political problems will certainly make a united 
effort exceedingly difficult if not impossible. And one can not rule out radical acts by a few 
people that may sabotage an otherwise united effort. We are selfish beings at heart, as we 
would be forced into a situation where the overwhelming majority of us would have to be at our 
most selfless — or we would all die. 


What would it take to mobilize mankind in a cooperative way? Let’s back into the answer by 
looking at what might not work. Consider the familiar analogy of the bullfrog and the boiling 
water. The story goes that if you toss a frog into a pot of boiling water it will immediately jump 
out to save itself. However, if you place it in cool water, and then gradually heat it, the frog will 
not be alarmed enough to jump. He'll just sit there growing more and more uncomfortable until 
he dies. 


Whether this is factual or not does not matter. (Please do not try to find out.) It is the analogy 
that matters; it rings true in our lives. We become complacent in our comforts, sluggish to act, 
even as our comfort is slowly eroded. We stay in a dead-end job, a dysfunctional relationship, a 
messy house, a dirtying world. The reason is that we have not planned for the decay. We have 
set no deadline, no pain threshold, no point-of-no-return. We have no plan B. We don’t even 
have a way to measure our discomfort. 


We are bullfrogs. 


Gradual change then is what does not easily mobilize people. Rapid change best launches 
radical action. Unfortunately, some governments are better at committing to radical action than 
others. The same might be said of cultures. Because we do not have protocols to deal with 
unprecedented disasters, each country and culture will deal with it according to preexisting 
patterns — which may be utterly inadequate. 


That is why speculations such as the Evacuate Earth scenario are important. However rare the 
specific doomsday picture, they point out a potential gap in our civilizations. 


One can be optimistic, or pessimistic, but this is a false dichotomy. We can be both. A new 
darkness might engulf the world before the neutron star even grows close. At the same time, 
disaster brings out the best in people, and we can reasonably expect that mankind will rise to 
the occasion. To protect the Ark program against chaos, it will have to be secured by force. 
Once that’s done, the politicking is mostly done. If the rest of the world falls into darkness, there 
is at least a path for our species to survive. 


The Money 


Task Two: Obtain Resources. This is arguably the easy part. 


The primary question many as is, how much will it cost to launch a self-contained, sustainable 
Ark capable of not only leaving the solar system, but of either finding a new home for mankind, 
or providing it in space, indefinitely? The problem with such an estimate is that we do not 
currently know how we could accomplish this. But given the 75-year preparation window, we 
can assume that we must use technologies either available now, or realistically projected to be 
available in the next generation. 


Wild cost estimates for a ship of this kind range from a few trillion dollars, to that great number 
in the sky, the proverbial gazillion. No kidding, someone actually gave this “number” as a way 
of saying, “Who knows? A lot!” 


But if you think about it, cost may not be much of an issue at all. We can’t think of cost in terms 
of our present economic models, because they won’t be around very long. 


Suppose the world is ending within your lifetime. Everyone knows this. Who will care about 
saving a nest egg? Building a retirement home? Saving for college? Starting a business? 
While people may go about their affairs out of routine, and the lack of anything else to do, our 
economic models will not hold up long. Investments will be squandered selfishly. Banks will 
close shop. Employers will call it quits. Productive workers will leave to spend more time with 
their families. 


There is no doubt about it. The global economy will collapse, perhaps soon after the bad news 
is confirmed. Once the economy collapses, humanity will be thrown back 150 years to a hand- 
to-mouth existence that will probably not support our entire population. 


To move a very large and complex program like the Ark forward, a command economy will be 
required, enforced by the military. Resources will be controlled and dedicated to this project, 
leaving others high and dry. If the Earth is going to be destroyed, we'll give up on many 
expensive things — roads, wars, medical programs, conservation, education, elections... 


Who would buy a new home or a car knowing that the world will end in a few years? What 
would people spend their money on, if they had any? Expensive vacations, booze, and other 
vices? Probably. And what good is a savings account? If you knew the world would end soon, 
wouldn’t you try to withdraw all your money? Most people would, but since the banks don’t 
have everyone’s money at hand, they would be unable to turn it all over. If the government 
doesn’t take over, the banks will all go under, and money will cease to move. If money 
becomes worthless, so is labor and.... 


You get the picture. As time draws closer to the end, economic chaos would strike one nation 
after another. Food will be scare and will not be transported to populations. There will be riots. 
Space ports would be overrun by hungry, panicking people. 


To control this chaos enough to successfully evacuate the most people, the current economies 
would have to give way to a command economy in which governments control monies and the 
production of goods. Yet the world today is largely democratic and capitalistic. Can those 


genies be forced back into the bottle? Who will be in control, and how will they be chosen? Will 
people give up their hard-won freedoms to let others make life-changing decisions for them? It 
seems improbable, distasteful, yet necessary. 


A more optimistic possibility is that the Ark will be built nearly for free. Faced with a common 
“enemy”, many generous and noble donors will surface, providing anything and everything 
needed. It may be that they are rewarded with a chance at a seat on the Ark, in exchange for 
their works. Not equitable, not democratic, perhaps not ethical. Perhaps necessary. 


This situation can be mitigated, to an extent. Suppose that in addition to giving unfair 
advantage to those best able to build and man the Ark, we also hold a great lottery. A lottery 
works because for an insignificant investment, the potential payoff is enormous. The payoff for 
a dollar purchase can be hundreds of millions of dollars. This lures a lot of people invest. It's 
not just a prize drawing — there is an investment required. 


So we'll have our Ark lottery. For every pair of llamas or cubits of planking you donate to the 
Ark, you get a raffle ticket. The more you work or donate, the greater your chance at a seat on 
the starship. This helps pay for the project, and to keep people cooperative — even those who 
will ultimately be left behind. 


In the face of complete annihilation, | can foresee an unprecedented human effort to save itself. 
Not everyone will be on board with this of course, but | suspect that precisely the kind of 
intelligent, adventurous, forward-thinking people who can pull this off will be on board, one way 
or another. 


Finally, we should acknowledge that in the next 75 years, it may be possible for private 
investors to mount their own manned space programs. There will be billionaires out there who 
will not take chances on the Ark, but will try to save themselves. More on that later. 


Building a Starship 
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The Winged Eagle is a statue that stands in Starship City 
(Photograph by Atlas Media Corporation/ Sloane Cooper) 


It is not my intention to detail the Ark program in this little book. There are many variations and 
countless details to consider. Here | would like to mention a few of them. So, task three: 


Successfully evacuate the Earth 


One does not simply walk into Mordor. One does not simply scroll down Facebook without 
seeing a cat. One does not simply evacuate a planet on short notice. | suspect many would 
agree that we could launch an Ark from Earth given enough notice. But a 15 mile long ship, in 
75 years? In technological terms, that’s actually a pretty long time. The rise of transportation 
technology from horse-carts to cars and then lunar landers occurred within a single lifetime. 


Whatever lead time we are given, it will not feel like enough. All too often in an emergency, we 
wish we had prepared for it in advance. In our scenario, it would certainly help if we had started 
the evacuation program years ago. Well, that’s precisely why Project Orion fits the bill — it’s an 
interstellar spaceship design that began in the 1940! 75 years may not be enough time to 
develop a revolutionary propulsion system, and we would be ill-advised to gamble the survival 
of humanity to a insubstantial dream. 


We have been collecting seeds and storing them in remote bunkers - a sort of backup for our 
agricultural capabilities — protection in the event of natural or man-made calamities. We have 
built experimental communities like Biosphere 2 and developed hydroponic gardens — to learn 
how to grow a sustainable self-contained environment. These and other ongoing efforts will be 
directly applicable to the construction of a starship. 


So in a real sense, we've already begun to plan for a catastrophic disaster, at least generally. 
But there is an enormous amount of work still needed, and planning is not as hard as executing. 


It takes a long time to develop and test spacecraft capable of safely transporting human cargo. 
One of the biggest current challenges is in lifting materials and equipment into Earth orbit, and 
then propelling the finished product out of orbit altogether. 


One elegant dream to lift people and materials is the space elevator, cutely named a beanstalk. 
A space elevator is essentially a real elevator that stretches from the ground (ideally on the 
Equator, for technical reasons) to a satellite — dubbed a “celestial castle” - in geosynchronous 
orbit over 22,000 miles above the Earth. That’s a long elevator! In addition, to balance the 
orbital forces on the structure, a counterweight is required that would be out another 22,000 
miles. 


A fair amount of engineering work has been done on this grandiose idea, with one major 
stumbling block. We don’t currently have any material strong enough and light enough to build 
a viable elevator. In one of my science fiction stories, “Cavernauts”, | suggest an asymmetrical 
form of carbon nanotube that has been mathematically established — but never created. Other 
writers have come up with other solutions, but none of these are available today. 


Nevertheless, the idea is so attractive that | suggested to the producers of Evacuate Earth that 
they consider such a plan. While familiar to SF fans, the images of this technology are not 
familiar to television viewers, and | thought it would make good TV. | further suggested that 
there might be two space elevators built, one by the West, and one by the Chinese. | imagined 
one of these failing, so that 50,000 miles of tough cable falls from the sky, whipping twice 
around the world, raking cities and mountains as it goes. There is also a good chance that it 
would take out the other space elevator as it drops. 


What could bring it down? Space junk, instability, design flaws, sabotage. A cautionary tale, of 
course. It is also possible that a failure would not result in the elevator falling — if the thing were 
cut at the right place, the counterweight could pull it upward. 





a 
Pieces of the Horizon Spaceship are being delivered to space 
(CGI Image by National Geographic Channels/ Nate Evans) 


Barring a successful space elevator, how else might we lift cargo? The current rocket systems 
are exceedingly inefficient, so the cost of lifting material to orbit would be immense. Even if the 
cost were mitigated as described earlier in this book, there are still problems of logistics that 
must be dealt with. 


Another interesting lift idea is to have a rocket launched not from the ground, but from a high- 
altitude aircraft. One such concept is being developed by Stratolaunch, a private company of 
the kind becoming more common as NASA takes on a lower profile. The idea is that a rocket is 
borne beneath an aircraft. Once the aircraft reaches a certain altitude, the rocket is launched 
horizontally where it then proceeds to orbit. This method maximizes reusability, and is far more 
efficient with fuel. No launch pad or huge fuel tanks are needed. Two such aircraft have been 
built by Stratolaunch, and will begin test flights in a couple years. 


However the materials and parts are launched, a starship — a modern day ark really — would be 
assembled in orbit. Again, the Chinese or other nations might build their own competing ship, 
and there would likely be a lot of idea sharing. Having more than one design is rather like the 
diversity of nature that helps ensure the survival of species. But not everyone can mount such a 
Herculean effort, so there likely will be only one to three such programs. 





Astronauts construct the Ark 
(CGI Image by National Geographic Channels/ Nate Evans) 

















Astronauts construct the International Space Station — 
(NASA photograph) 


Another way to get a jump on building our “Ark” is to begin launching materials as soon as 
possible, even though the ship hasn’t been designed yet. We know a lot about what will be 
needed, not just for the ship, but also for the builders. We need raw materials, fuel, oxygen, 


water, batteries, food, and for sustainability things like massive amounts of soil and radiation 
shield material. We can launch thousands of tons of material to a parking orbit, even when we 
know very little about our ship design. This will save decades of time later, when the clock will 
seem to tick faster. 


Yet another possibility is to launch material into space, toward the target star, ahead of the ship. 
Bringing the Ark up to speed will be easier if the ship is lighter — making for a quicker getaway. 
So if some of the bulk is launched separately, ahead of time and on the same trajectory, the Ark 
could accelerate faster and pick up the extra material on the way. It would already be moving at 
a similar velocity, so the Ark could just “scoop it up”. This is very complicated from a celestial 
mechanics perspective, so you would not want to jeopardize the mission by sending critical 
equipment ahead of time. However, it might work for raw material such as water, fuel, soil, or 
radiation shield material — all things that could be launched in advance of detailed spaceship 
design. 


Perhaps the International Space Station (ISS) can be used as a construction shack, an initial 
base of operations for manned support in orbit. (The movie poster of the centrifuge in 2001: A 
Space Odyssey shows astronauts working on the rotating station while attached to it by tethers. 
In reality, they'd be dragged around as it rotated, as demonstrated on one of the Gemini 
missions. The ISS doesn’t rotate, which simplifies spacewalking, but it’s a shame they don’t 
have artificial gravity up there.) 





In the show, the Ark is built in an orbit 260 miles above the surface of the Earth. This is 
conveniently close, but as the program illustrates, there are hazards present — space junk that 
can cause catastrophes. Other proposals place the shipyard at one of the Lagrange points, 
stable orbits where the Earth and Moon, or Earth and Sun’s gravitational pulls balance. These 
have technical advantages, and are far from space junk. Any junk created in these localities 
during construction of the Ark would be far less dangerous, because they would not be moving 
rapidly compared to the Ark itself. 


One important concern will be security. Any Earth-bound construction and launch compound 
will require military-scale security, to keep desperate people away from the precious facilities. 
This is problematic, since the security forces themselves will eventually be as desperate as 
anyone else. Perhaps there will be a private lottery for security forces, so that their cooperation 
will be bought by offering a chance at a “seat” on the Ark. One of many problems to solve. 


Although | favor the idea of converting an asteroid into a starship, as mentioned earlier, doing so 
involves more engineering innovations than we have time for in our scenario. So we will build a 
conventional ship. What will it be like? 


Horizon: A Modern Ark 


First let’s discuss propulsion. While there are a number of potentially available propulsion 
systems that might take a cadre of humans to another star, all of the have problems. After 
surveying the options, and discussing among the selected experts, the production team of 
EVACUATE EARTH settled on the Orion model for propulsion of its Ark, the Horizon. Orion is a 
good choice because it has been under design for decades. 


The idea of Orion sounds suicidal, but it is a sound engineering concept. Basically, you propel 
your starship by exploding a rapid series of nuclear bombs behind it, using their force to create 
an opposite reaction. The explosions would be controlled in size and sequence, and would 
thrust against huge metal push plates that would impart the energy to the ship. Structures 
resembling shock absorbers would buffer the kick, protecting the passengers in the rest of the 
ship. 


This might feel something like a car backfiring — an explosion and a convulsive kick. But with 
enough “backfires” at sufficient rapidity, the jolts would be smoothed out. In theory, this could 
be launched from the ground, if you don’t care about the population and environment below. 
However, such a launch would be a single point of failure. There are many reasons to 
assemble the vehicle in orbit and launch from there. 


Now we have a starship in orbit, and we have a propulsion system in place. What would the 
ship itself be like? It has been established that humans in zero gravity suffer various physical 
ailments. Muscles atrophy, blood pools in the wrong places, and so on. Further, it is assumed 
we would bring animals and plants with us, exacerbating these problems. Imagine the problems 
with a zero-G fish tank! 


We need artificial gravity, and we have two ready means to create it. One is to use the 
acceleration of the ship itself. When we fire the engines, we will accelerate for a time, up to our 
cruising speed. During this phase of the journey, there will be a force that will feel like 
gravitation, tugging is toward the stern of the ship. The trouble with this kind of artificial gravity 
is that it only lasts during the powered part of the journey, which is a fraction of the total journey. 


A better option is to use a centrifuge. The main area of the ship will be a cylinder, rotating on its 
long axis. This creates centripetal force that causes everything on the inside surface to cling to 
the surface as if under the force of gravity. Once set spinning, the ship will continue to spin 
forever, until it is time to do otherwise. This then is the best option. With the ship at the size 
(one mile radius) and rotation established for the show, we will have an equivalent to the Earth’s 
gravity inside the Ark. This allows for the building of houses, farms, and even streams and 
lakes — all comfortable for us and our livestock. 


Several inspiring books about centrifuge habitats portray such idyllic colonies in space. Prime 
among these is “The High Frontier: Human Colonies in Space” by Gerard O’Neill. Television 
viewers may be familiar with the O’Neiil cylinder in the show Bablyon 5. The images are 
exciting: lush valleys that curve upward, to meet in the sky where a river meanders. 


| have a problem with such a structure. First, with thousands of tons of material rotating, the 
outward force on the structure would be considerable. We should expect that it would be 
engineered to flex in the middle to bear the “weight” without cracking, but such flexing would be 


exceedingly difficult to maintain over a long voyage. | suspect that when the Ark is actually 
designed, there will be radial support struts inside, like spokes in a wheel. These will support 
the floor, as if one side is suspended from the other. 


Further, as glorious as the open cylinder is to behold, with all the atmosphere in one big 
chamber, a single hull breach could doom the entire ship. We all know what happened to the 
Titanic when the sea was allowed to spill over the poorly designed bulkheads. Our Ark should 
be compartmentalized so that all our eggs are not in one basket. Perhaps the bulkheads could 
be transparent, or configurable, so that the space can be used in different ways as needs arise. 
Perhaps the walls could be opened once a year for a festival featuring an end-to-end hang 
glider contest! 


Stability is a general problem with other aspects. Our cylinder has to be engineered to hold up 
to rotation, and vibrations from the propulsion, as well as the occasional movement of heavy 
objects inside. When a car tire is out of balance, it shimmies and wobbles. Eventually it will 
wear out from the stress. To balance it, a mechanic distributes little studs of lead around the 
wheel, to even out the weight. Now a space-going centrifuge may be more delicate than a tire, 
but it will also be spinning much slower, so the stresses will be manageable. Nevertheless, the 
ship has to be built to withstand such stresses, much the same way buildings are built to sway 
during earthquakes. Even a minute shimmy can have a catastrophic effect over a very long 
time. And if the shimmy occurs at a resonate frequency with the ship’s structure, it could shake 
itself apart in a matter of hours. 


There is an interesting complication in using a centrifuge that | have not heard discussed. 
During the powered part of the trip, when the nuclear bombs are being detonated, there will be a 
tremendous acceleration, creating a feeling of gravity. It would be as if the back of the ship is 
“down”. But the rotation of the ship causes “down” to be along the inside surface of the cylinder. 
Although too complicated for the EVACUATE EARTH program, this needs to be considered. 
See the illustration below. 






Ship's Motion 


Artificial 
rav 









LevelTerraces Net force 







force 


G force 


The artificial gravity is a radial force. The G-force from ship acceleration is towards the stern of 
the ship. The net of these two (adding vectors) is in a direction something like the black arrow, 
outward from the center but somewhat back-swept, the amount depending on the relative 
strength of the two. The brown lines are perpendicular to the net force, and represent two 
level terraces on the inside of the cylinder. These lines would create circular cross-sections, or 
could be slightly angled to create an internal spiral that slopes gently downward to the back of 
the ship. 


(Diagram by David Bartell) 


As the caption of the diagram details, the feeling of “down” while under power will be outward 
and backward from the direction of motion. This is just like the feeling you have in a car that 
suddenly speeds up. While you are held firmly down in your seat, you are momentarily pulled 
strongly into the seat back. Professional drivers and test pilots have no trouble adjusting to this, 
but they have to be careful if they want to place a cup of hot coffee anywhere. Ark passengers 
and livestock will have more trouble. 


One alternative would be to de-spin the ship when it's under power. The problem with that is 
that the rivers, hills and trees would float around and pile up at the back of the ship. We might 
have to leave all that in storage until we are coasting. 


One solution is to have but a gentle acceleration that is tolerable. Another is to have the ship’s 
living space configurable for acceleration. For example, instead of the inner surface of the 
cylinder being flat, it could be terraced as shown in the cross-section above. Think of the 
corkscrew shape inside a screw-on bottle cap. The surface can lean forward so that it will feel 
level. Think of terraces that might all connect like the inside of a long bottle cap. A pleasure 
boat could float down a corkscrew river that is pumped from stern to bow, spiraling around and 
around, up the walls and over the “ceiling” of the habitat! 


The terraces might tilt mechanically, automatically adjusting to the changing speed of the ship. 
A simpler approach would be to have the terraces formed by the soil of the habitable land. Hills, 
steps and ladders would contour the landscape just right. The water for rivers might not be 
unleashed until the acceleration has ceased. 


So there are three configurations of the landscape: one for zero-G during construction, one for 
acceleration, and one for cruising at a constant velocity. There would also be a fourth 
configuration which is a mirror image of the acceleration mode. As the ship nears its 
destination, it would have to slow down and maneuver into orbit of a new planet. This slowing 
down is a deceleration that could be accommodated in the same way as the acceleration. The 
ship would turn end-over-end to point the engines ahead, perhaps de-spinning the centrifuge in 
the process to avoid a tumble. Then the engines would begin to fire again, to “hit the brakes”. 


The need to accelerate and decelerate seems to have been glossed over in the EVACUATE 
EARTH scenario. The scenario assumes that the Ark will reach 10% the speed of light, making 
it possible to reach another star in around 100 years. This is indeed a theoretical limit for an 
Orion-propelled starship. But that’s the maximum cruising velocity. The ship will be going much 
slower during the acceleration and deceleration phases of the trip. You can shorten the trip by 
getting a gravitational boost from the Sun and planets, as our space probes do today. But as 
the neutron star nears, this will become problematic — the orbits will shift wildly. Speaking of 
wild, why not use the gravity of the neutron star itself as a slingshot, to accelerate the Ark? 


Quite possible, but risky. You need to make sure that your final trajectory is precisely aimed at 
your distant target star, or you will end up flying very quickly to nowhere at all. In any case, to 
reach another star in 100 years, you would have to accelerate and decelerate so rapidly that the 
resulting G-forces inside the ship would be fatal to the people on board. 


The result is that in truth, it will take much longer to reach the new star, and the Ark will need to 
be a generational one — that is — one that will take many generations of people to travel to even 
our nearest neighbor. 


In the show, Barnard’s Star was identified as our destination. This 6 light year journey takes 
about 88 years in the show, meaning that the average speed of the ship is about 7% the speed 
of light. To accelerate to that speed, the passengers of the ship will be subjected to G forces. 
Although people have survived brief peak forces up to 46 g, most people will die under 
sustained g forces around 16. But even a couple g can debilitate human activity, and if 
sustained, can cause many health problems. 


The answer is to accelerate slowly, to reduce the G force. But that lengthens the journey. 
Decelerating near the end of the journey presents the same problem again. The ship must slow 
down gradually. Hence an average speed of 7 instead of the theoretical 10% the speed of light. 


So we have established that this will be a very long journey indeed, one that will require reuse of 
resources nearing 100% efficiency — and by “near”, we mean 99.9999% or better! If any 
commodity runs out during the voyage, everyone will die. The best plan for this, since nothing is 
100% efficient, is to bring an over-abundance of supplies, and plan for them to deplete at a 
manageable rate. Also, there should be a plan to work on new technologies during the voyage 
— technologies that will address the problem of necessary resources directly. For example, 
molecular machines might be designed to perform alchemy, literally, building necessary 
molecules from raw materials. 


It’s time to create a list of problems we will face, so we don’t forget anything. Here are our basic 
needs: 


Oxygen, water, food, in that order 
Machine shop 

Spare parts and raw materials 
Medicines 

Fail safes for everything 
Transportation 

Government & Policing 

Training 


Here are some of the primary hazards we will face: 
Hazards 


Equipment failure 

Loss of resources by consumption or accident 
Pathogens 

Low gravity 

Debris in space 

Radiation 


To handle equipment failure, we will need the capability to maintain and manufacture parts of all 
kinds. The ability to make microelectronics, for example, means that we will also need to be 
able to maintain the machines that make machines. The vast infrastructure we enjoy today is 
composed of manifold complex supply chains not easily rebuilt in a small spaceship with only a 
few thousand people in it. Equipment must be as simple and modular as possible. People will 
need to learn how everything works — we cannot afford to rely on a few people in a far-flung 
country to simply build a new widget when ours fails. 


Some of our equipment will be immense, such as the engines, and these systems will require a 
high level of reliability and some redundancy. Equipment will fail, but this is a problem we have 
a lot of experience dealing with. 


There is nothing we can do about lost resources, other than to prevent their loss. So again, it is 
best that we grossly overstock all the necessary commodities, and to innovate ways to reuse, 
recycle, and recreate from raw materials. 


As to pathogens, we will have minimized them, perhaps, during our screening processes. 
However, we will have enough other medical issues with which to contend that we will need the 
capability to handle pathogens as well. Complicated medical devices are difficult to 
manufacture and maintain, and this will be a major challenge in our microcosm of humanity. We 
may have to progress as a species without some things we now rely on, and handle our health 
in simpler ways. If someone suffers from a complicated disease, we may not retain the ability to 
treat them. People will suffer and die as they did in generations past, and we will have to adjust 
to that. 


One of our primary health problems will be complications from radiation. In deep space we 
have no natural protection from radiation, as we do beneath Earth’s atmosphere. Although our 
ship will be shielded, perhaps with layers of supplies, water, rocks, and new materials. One 
idea kicked around for EVACUATE EARTH was the use of aero-gels as shielding. | don’t see 
how the low density of this “solid smoke” could provide much substantial shielding. 


Some radiation, such as solar particles are easily shielded. But out in deep space, things can 
get hot. Radiation can damage cells, causing mutations, cancers, and so on. 


For example, high energy photons such as ultraviolet light, x-rays, and gamma rays quickly 
damage tissue and garble DNA. High speed nuclei from galactic cosmic rays (GCRs) also 
damage cells. These particles sometimes penetrate the walls of the ISS, causing astronauts to 
see annoying streaks of light where the particles graze their retinae. Some cells can repair 
themselves, others do not. In space, a third of your DNA will be struck by a GCR each year, 
while other particles will strike every cell nuclei in your body a couple times a week! 


Human organs differ from one another in their sensitivity to radiation. The most sensitive are 
the blood-forming and the reproductive organs. Serious problems indeed, especially for a long 
voyage for the entire human compliment! 


What to do? There are three ways to shield against the radiation. Passive shielding involves 
creating a physical barrier to stand in for the Earth’s atmosphere. Well, a hull of lead three feet 
thick would do the trick... but that is so much weight that the energy needed to get the ship up 
to the desired speed would be prohibitive. Other passive shields under consideration are liquid 
hydrogen, water, polyethylene, and lithium hydride. 


An active radiation shield would be a magnetic field that deflects charged particles. There are 
problems with this — particles are not deflected equally depending on which direction they are 
coming from. Also, the field would have to be very strong to deflect the most energetic — and 
dangerous — particles. For a small ship, the field could actually destroy the ship itself. Fora 
larger one, like our Ark, we would need a lot of power. But this is a viable possibility. 


The third kind of shield is a biological one. We use these today. Antioxidants and chemo- 
therapeutics are common. New technologies are being tested that basically tell damaged cells 
to self-destruct, or enhance cell self-reparation. As we get better at manipulating DNA and cell 
structure, we may reach a point where damage from radiation is no big deal. 


The best bet against radiation will be to combine all three of these strategies. 


We'll need another kind of shield as well, to protect us from rubble. At our speed, 10% the 
speed of light, hitting even a grain of sand could tear a hold through the length of the entire ship. 
Imagine all of mankind snuffed out by a grain of sand! Our shield will be out front, like a cow- 
catcher, made perhaps from the rock and iron of a captured asteroid. It will be designed to 
erode over time. Robots might repair it as we go. When we turn to decelerate, the shield will 
need to be re-oriented so that it is in the front all the time. Hopefully we won't hit a dust storm 
during the short time it will take to tumble the cylinder end-to-end, in order to get the engines 
into braking position. 


All right. There is a lot more to designing a starship, but we now have a feel for many of the 
basics. Let’s leave the rest to the engineers. But before we move in, we have to determine who 
gets to go. 


The Human Lottery 


We might start by asking, who would want to go? Not everyone — this is not a journey for 
everyone. Many people would rather die at home than launch into orbit, be crammed into a 
ramshackle spaceship and blast away to what they might imagine to be just a different flavor of 
certain doom. Many will decline to go for a variety of reasons - to defer to the younger 
generation, for example. But it is safe to say that the number of volunteers will far exceed the 
available space, which presents a problem. 


Who will evacuate on the Ark? How will they be selected? 


The scenario of EVACUATE EARTH called for about 100,000 evacuees, which is around 0.01% 
of the world’s population. At that, it is a lot of people to put on a spaceship. To date, we have 
only flown half a dozen or so astronauts in any one vehicle. And few of them have been 
civilians. On an Ark, we will want and need a larger cross-section of the population, while 
ensuring that all the technical personnel required are included. 


A disproportional number of refugees would need expertise in science and engineering. We 
would need a lot of manual laborers, from farming to construction, but these people may be the 
same ones who perform more skilled functions. On one hand, we need highly specialized 
people, but on the other, some people will have to be great generalists. 


We will need specialists such as: 


Engineers 

Agricultural specialists 

Astronauts 

Scientists and researchers of all kinds 
Doctors, veterinarians 

Builders 

Teachers 

Laborers 

Astronomers 

Electricians 


What we will NOT need much of is interesting. While we will need administrators, we will not 
need complex government bureaucracies, marketers, morticians (we will recycle!), teams of 
lawyers, corporate structures, financial houses, lumberjacks, fashion models, ski instructors. In 
many ways, life would be far simpler than it is now. Imagine doctors making house calls and 
coming on foot! Imagine darning your own socks! 


Clearly, there will be a mandate to recruit and train a long list of specialists. Because of the long 
lead time, most of these recruits will not even be born when the news of the neutron star breaks. 
Therefore, an instrumental part of the evacuation will be to design the crew and passengers. 
Putting this in perspective, here are the major programs of the evacuation: 


e Build Starship City 
e Build Horizon 
e Assemble evacuees 


e Protect all of the above 
e Launch 


In EVACUATE EARTH, a farmer is shown receiving a General Evaluation Mandate package, 
which amounts to a home DNA testing kit. The idea is that everyone will submit their DNA, so 
that a diverse population may be selected. Theoretically, people could also be screened to 
winnow out diseases and any number of undesired traits. This process would thus be highly 
charged politically. Even with the purest of intentions, there will be those among us who will 
protest vociferously. 


| proposed a twist ending to EVACUATE EARTH in which it turns out that virtually everyone on 
the planet is saved, ina sense. After a lengthy discussion about how picky we have to be, 
wouldn’t that be a silver lining? The idea is that all of the submitted DNA is encoded and 
brought along, so that the DNA of every living person is brought on the spaceship, within 
practical limits. While we may not be able to clone a person from the DNA alone, that will 
probably be possible someday. And promising people that their genes will be preserved for 
eternity may go some way to placate them in their last days. 


| once heard that it takes as few as 30 people to constitute a minimum viable population (MVP. ) 
An MVP is the smallest number of members required for a species to survive indefinitely. It’s 
the depth of the gene pool. Evidence shows that the human population dwindled to a few 
thousand in one or more prehistoric bottlenecks, which is not unlike our scenario. A study by 
Australian evolutionary geneticist Richard Frankham and others estimates a human population 
of 50 to avoid inbreeding problems, 500-5000 to maintain evolutionary potential, and 12 to 1000 
to minimize harmful mutations. 


The 250,000 proposed in EVACUATE EARTH sounds like gross overkill (no pun intended.) | 
would opt for fewer in favor of an overabundance of supplies. 


Also, estimates of MVP do not take into account human intervention. With advances in gene 
manipulation, a small live gene pool might be feasible — diversity could be introduced from 
preserved DNA, or artificially, by designing genes. 


There are other reasons to evacuate more than a couple dozen people. We need numbers to 
run the ship, and to guard against catastrophic loss of life in potential accidents. There are 
social aspects to this as well. People on Horizon may drift quickly away from the kinds of 
monogamy we currently practice, in general. 


For example, given the relatively small gene pool of survivors, it might make sense for the first 
space-born infants to be the offspring of people left behind, from a sperm and egg bank. This 
effectively increases the surviving gene pool without actually evacuating all of the gene-bearers. 
And, if radiation creates fertility problems, polyamorous relationships may become necessary. 


Experts will argue what racial traits should be preserved (presumably all of the major groups). 
What will be the age mix? The gender mix? How will these criteria be reconciled with the skills 
matrix required? All of these could be addressed with a program designed to develop the 
required skills in a selected group of children who will grow up to be our evacuees. 


While “demographically correct’, this is far from democratic, and therefore a hard pill to swallow. 
The “us versus them” mentality that will invariably result will be very dangerous, and must be 


planned for. Draconian security measures may be a necessary evil; Starship City may have to 
be located in a desert or even on an island to control the perimeter. 


Once the mix of expertise is settled, the battle will begin to fill these positions. This is where the 
worst of human nature will surely rear its head, and precautions must be taken. It is easy to 
imagine nothing short of murder and mayhem as people vie for a coveted “ticket” on the 
starship. 


One way to mitigate this problem is by also offering a lottery so that virtually everyone of sound 
body has a fair chance to escape the crushing grip of the neutron star. By offering a fair 
chance, humanity's innate thirst for justice will be largely quenched, and things may proceed 
peacefully. By denying a fair chance, the entire program will be cast in a pall of suspicion, and 
there will be many attempts at sabotage. The question forever will haunt us: "Who decides who 
goes and who stays?" 


No matter how fair things are, there will still be trouble. The program must therefore be 
protected at great cost, from early on. All development and launch facilities must be cordoned 
off using military strength. How else can you ensure that desperate individuals or even nations 
cannot jeopardize the program by flying in and trying to insert themselves? 


There are other special problems in choosing who will go. It only makes sense to allow various 
family units to make up a good part of the population. We will certainly want children on board, 
and we have precious little experience with communities place under great stress in the 
absence of social stabilizers such as families. So families may necessitate an exception to 
other qualification criteria. 


Another particularly sticky problem will be what to do about diseases. Some people will be 
tempted to "clean up the gene pool" by excluding anything from poor eyesight to anemia and 
communicable diseases. (My story “Misquoting the Star” addresses this dramatic issue head 
on.) In any case, a thorough medical profile will be required for all refugees. 


Ideally we will have qualified people that represent all demographics, family styles, ages, etc. 
With billions of people to choose from, this is certainly possible. If the ideal of diversity falls by 
the wayside, all is not lost. We will preserve diversity if only in recorded DNA. And those left 
behind will record personal and public messages — however unsavory - for posterity, to be 
stored in the Ark's data vault. 


As depicted in the show, it is now conceivable today that individuals and groups with sufficient 
funds might build their own spaceships and not rely on the poor odds of winning a lottery. There 
could be one or more “billionaire ships”, privately funded and operated. A billionaire could offer 
engineers and scientists better odds at escaping the neutron star, and thus lure them away from 
the government programs, especially those who are not “ticketed passengers”. 





The ill-fated “billionaire ship” Savior 1 
(Photo by Atlas Media Corporation / Sevita Qarshi) 


The billionaire ships would be built with significantly less resources than a multi-state program, 
however, and might be more susceptible to technical problems. On the other hand, they might 
be so vastly simpler that the problems would be reduced. In the show, Bill Jeffers, Jr. (shown 
above) prepares to launch his spaceship, built with 500 other wealthy donors. 


This billionaire ship opted for an antimatter drive. Famous in science fiction such as Star Trek, 
using antimatter to propel a ship is a possible but completely unproven set of technologies. In 
the show, an antimatter seal leak dooms the ship before it clears the launch pad. Aside from 
the dubious gratification of seeing billionaires consumed by the flames of justice, this incident 
serves the point that with relatively short notice, we had best use the most mature technologies 
available. 


It is reasonable to expect the government-run programs to assist private ventures and vice 
versa. Since the goal is broadly the same — to save as many humans as possible — any 
synergy possible would benefit both sides. And more ships increases the odds. 


While it is conceivable that a billionaire will be able to launch himself and his family into space, 
could he really sustain a habitat long enough to reach another star? That is probably a much 
harder task. However, the billionaire scenario could play out in a completely different way. 


Recall the joke of the two hikers. A bear rears at them on the path ahead. The first sits down to 
change from his hiking shoes to his running shoes. The second says, “What are you doing? 
Don’t you know you can’t outrun a bear?” The first replies, “I Know. But | don’t have to outrun 
the bear. | only have to outrun you!” 


If a billionaire ship can simply lift off the planet, it could at some point dock with the Ark, forcibly 
if necessary. Security on Earth may be impenetrable, but in space, it might be relatively easy to 
break in, stowaway, or simply knock on the door and ask politely to come in. 


Or maybe the billionaires won’t need their own ships. One can be cynical and predict that 
corruption and selfishness will triumph over reason. The ark may be populated first with the 
richest and most powerful. But I'm not so sure. As the end nears, the world economy and 
politics will be replaced by something very different, and the power will shift. If it doesn't, we 
may never get off the ground at all. Wealth may cease to hold the influence it does today. 


A concluding thought about who will evacuate the Earth. The kind of people we will need is not 
defined by vocation alone. 


Consider the ancient Polynesians. Pressured to leave their own island, they loaded up canoes 
with families and supplies and sailed into unknown waters for weeks at a time, in search of a 
new home. They braved dark nights, stormy seas, and had almost nothing to steer by. You 
can't see the North Star from the South Pacific, so they had nothing stable below or above to 
guide them. But they had a long tradition as a seafaring people, they had courage, and they 
were probably desperate in many cases. 


That's the kind of courage, determination and resourcefulness we will need to leave our only 
known home behind. Whatever their other merits, that is the kind of people we need. 


We'll need pioneers. Luckily, there are many among us. 


The End of Society 


Before the end of the world, we might be face with the end to our civilization. Our every value 
would be put to the cruel test. The social aspects of our scenario are complex and many, and 
would require volumes to cover comprehensively. It may be impossible to predict how these 
events play out across the world, but is important to plan for the worst-case scenarios. I’m not 
going to do that here, but | will offer a few very speculative remarks. 


| interviewed representatives of the world’s major religions, asking how their people might react 
to a world-ending event. Please note that these comments are anecdotal. Many people, having 
shown enthusiasm for sharing their thoughts on our specific scenario, later declined to go on 
record without saying why. The questions touched a nerve, and | suspect some of the answers 
were so politically incorrect that the respondents withheld them. | would be interested in 
gathering more opinions. 


Buddhism. Buddhists are not widely organized politically, so there might be little reaction of that 
sort. The extinction of humanity has interesting cosmological implications. Since the concept of 
karma is perpetuated by cycles of rebirth, it is interesting to speculate how a mass extinction of 
all species would be interpreted. Would all “souls” (or “minds” if you prefer) be squeezed into 
the handful of surviving organisms, or would this be seen as the end of a cosmic karmic cycle? 
(This was the premise of a story | wrote many years ago, “And The Time Will Come”, inspired in 
part by the Beatles’ “Within You Without You”. The George Harrison lyric goes: “And the time 
will come when you see we're all one and life flows on within you and without you.”) 


Judaism. The destruction of the promised land presents a fundamental issue for Jews. Would 
Israel consider retaking the site of Solomon's temple, perhaps to appease God? Has God 
turned his back on his chosen people, essentially breaking His Covenant? From what | have 
gleaned, Jews would generally not see it this way, but would ascribe the problem to their own 
sin. Additionally, the Diaspora has made Judaism a synagogue-based religion rather than a 
temple-based one. So they would pragmatically take the destruction of Jerusalem in relative 
stride, perhaps thinking that a new temple will be erected by the Messiah somewhere else. 
Perhaps the time would be ripe for a modern day Messiah to rise. 


Christianity. Fundamentalists would claim that this is the apocalypse, the End Times. The 
results are unpredictable, and would depend on many factors. They might wait quietly for 

God's judgment, live hermetic lives of “doomsday preppers’, or there could be political and 
social agitation. At the same time, fundamentalists take the story of Noah literally, and would 
see this apocalypse as a similar event - the wrath of God. Many would flock to the Ark, or work 
on their own. Many moderate Christians would also see this as the end time, though would tend 
to be more practical and less dogmatic. Christians have been hearty pilgrims throughout 
history, and have taken their Bibles with them through many trials. 


Mormonism. Generally Mormons would have the same reaction as Christians. A fascinating 
aspect of Mormonism is that departed souls can become potential saviors of their own planets. 
While my understanding is that these planets are not necessarily in our spatial universe, 
wouldn't it be nice if we could contact these saints to seek them out and ask permission to live 
on their world? More likely, the Ark would be likened to the Mormon covered wagons heading 
to Utah. 


Islam. Islam has end times, complete with heaven and hell, much like Christianity. Many 
Muslims hail from the nomadic desert culture, so they would adapt well to living far from their 
Holy Lands, as they have today. The annual haj would no longer be possible, unless in the 
distant future, the faithful decide that the rogue neutron star is the location of Mecca, and they 
travel there to make seven orbits... Meanwhile, they might face in the direction of the neutron 
star for prayer. 


Hinduism. There are 330 million gods, 33 of whom are named. But there are only three primary 
gods in Hinduism: Brahma (the creator), Vishnu (the protector), and Shiva (the destroyer.) 

Only the latter two are routinely worshiped; Brahma created the world and retired to a more 
distant role. With the world destroyed, however, he might be needed again to create a new 
world — or even the Ark. For this to happen, he would take the form of an avatar, so we might 
expect Hindus to identify a person who they claim is an avatar of Brahma. He may be a 
religious leader, or a biosphere architect! The other gods would probably rise as avatars as 
well. The belief is that when people are in trouble, the gods intercede to help. So there would 
be a strong expectation of avatars for these and many lesser gods. 


Atheism. Just a guess: there may be a lot of believers losing their faith because of the 
impending destruction of the world. 


New Age. There might be a lot of New Age spiritualism taking new forms, from UFO cults to 
neutron star worship (Someone might launch himself into that "volcano" to appease it.) 
Established religions might be regarded as failures, but humanity's deep-rooted need for the 
transcendent tends to simply create new beliefs. Charisma-based leaders would pop up with all 
sorts of claims. Oh the humanity! 


Speculations aside, it is safe to say that religious people around the world will have their faith 
tested by these events. We should expect everything from renewed interest in spirituality to 
abandonment of the gods. There could be holy wars, suicide cults, etc. The results are likely to 
be volatile, unpredictable, perhaps even violent, and they would probably shape political affairs 
more strongly than we have ever experienced. 


Staying Alive 


We are finally underway, having escaped the neutron star, gazing back at the horror of the 
Death of the Earth. | won’t dwell on that here; my “Naked Moon” series of stories covers a more 
likely demise for our world, from a closer vantage point. We are now ready to discuss the final 
task on our big list from the first chapter: 


Stay Alive 


Because we will venture away from the Sun, but will probably need to grow crops, our ship must 
be lit artificially. We will use nuclear reactors for power, and build one or more light sources 
throughout. We may even have an artificial “sun” that brightens and dims to simulate day and 
night. In fact, we will need to vary the light to simulate this cycle, since the world’s plants and 
animals all rely on the familiar cycle in various ways. 


Inside the Ark would be various regions worked into pleasing landscapes to mitigate the 
possibility of claustrophobia and cabin fever. Initially there will be heaps of stuff — equipment, 
raw materials, who knows what — but the interior need not be finished. After all, the first order of 
business was to evacuate the planet before it is sucked into oblivion. The interior decorating 
must wait until a more convenient time. 


We will have brought along everything we might possibly need, not just for the next hundred 
years, but possibly forever — there is always the possibility that we will not reach a habitable 
planet. Of course, it’s impossible to anticipate ALL of the things we might need. So we need a 
different approach. 


What we need is not goods and supplies so much as the capability to CREATE goods and 
supplies from raw materials. This includes everything, from food to high-tech equipment and 
heavy machinery. This starship will be an unfinished, organic construct, a sandbox with a lot of 
general purpose tools in it, and lots of sand. 


We'll be better off filling Horizon with dirt, rocks, and barrels of chemicals than with the 
manufactured goods we may need to colonize a new world. We need heavy-duty machinery for 
large projects, light machinery for every-day projects, and sophisticated devices that can make 
and repair microprocessors. That's a tall order. And it's a completely different way of supplying 
a spacecraft than we are used to. 


We have a centrifuge with propulsion, living space, store rooms, and machinery. How you build 
it out is not as important as what you put in it. You don't need to finish it. We just need to make 
sure we have everything we need to build out the interior as we go. Things like walls and 
ceilings will be modular, to be changed by the various people as their needs change through the 
decades. More than needing machines and electronics, we'll need more basic machines to 
manufacture them. Again, because microelectronics are difficult to manufacture, we will 
probably need a lot of old-fashioned electronics that we can fix with our bare hands, at least as 
a fall-back. 


Once underway, people will finish building out the interior of the ship. With a controlled climate, 
housing will be simple. Walls and roofs will be modular, to be reconfigured at will. Because 
people are involved, desires and tastes will change over time, so like a thriving city, the Ark will 
never be completed. 


Because we wanted to save as many people as possible, will we live in high-density housing? 
Yet in a re-imagined world, it wouldn't be fair to have some in apartments while others are in 
houses, but there could be a rotational schedule or other program to allow people to "vacation" 
in the nice places. Just a consideration — one of many — of what life might be like aboard 
Horizon. Also, there might be underground shelters or above ground bunkers in case of a hull 
breach or space maneuver. Whatever beauty we might achieve with our inside-out pastoral 
landscape would always be balanced by sobering functional structures, both physical and 
societal. 


| contributed suggestions to EVACUATE EARTH on food (algae and tilapia) and the need for 
detailed metagenomic study, though the topics are discussed on camera by far more qualified 
people than |. The public is largely unaware that most of the cells in their bodies are not human. 
There are trillions of “alien” cells in your body, most of them in the gut. We have co-evolved 
with them, and many are necessary for our well-being. Living in too sterile an environment is 
ultimately deadly. It is now believed that the “useless”, “vestigial” organs of the tonsils and 
appendix are actually the body’s built-in Petrie dishes, serving the purpose of maintaining 


cultures of beneficial microorganisms. 


Surprisingly, these alien organisms within us provide biological diversity arguably as necessary 
for our well-being as the diversity in our own DNA. 


This is an enormous set of topics in a relatively new frontier. Instead of studying micro- 
organisms endlessly cloned in Petrie dishes, | hope more bright scientists and medical students 
will be attracted by the new frontier of metagenomics — the study of organisms in their 
environmental context. Here, it is precisely the context that concerns us. How can we survive 
in a closed environment? What must we include there that we haven't thought of? Germs, for 
one. And therein lies the challenge, because germs not only kill us, they also keep us alive. 


A comprehensive study on surviving indefinitely in space would discuss many other issues in 
detail, such as engineering, recycling, agricultural problems, and much more. All beyond the 
scope of this little supplement. Instead, let’s take a little glimpse inside the Ark. 


Centrifuge 





Experimental CGI for the Evacuate Earth centrifuge 
(CGI Image by National Geographic Channels/ Nate Evans) 


One misconception that nearly everyone shares about a centrifuge is that by spinning, gravity is 
created inside. That is not the case. The artificial gravity is not really gravity at all, but a 
centripetal force that mimics gravity in some ways — but not all! 


Here’s how it works. If you are standing inside the rotating cylinder, the sideways movement of 
the floor wants to toss you aside like a playground merry-go-round. On a merry-go-round, you 
don’t fly off while you are holding on, but if you let go, you fall off. In the centrifuge, you can’t fall 
off because the inner wall prevents that. So you cling to it, and it feels a lot like gravity. 


One difference between this and real gravity is that gravity pulls you toward a central point, the 
center of the Earth. The centrifuge is inside-out, and you are thrown away from the center. In 
the case of the Earth, what keeps you from falling all the way to the center of the Earth is the 
solidity of the ground — it actually exerts an opposite force on you. In the case of the centrifuge, 
the force to keep you from flying into space is the solidity of the floor, which creates friction on 
the bottoms of your feet. 


Also, because the centrifuge is so much smaller than the Earth, differences in the centripetal 
force in different places can be noticeable. At the axis of centrifuge spin, there is no centripetal 
force and so no artificial gravity. You could float around up there, and even fly, using some kind 
of portable propulsion to move around. The closer you get to the inner surface, the more force 
there is, so gravity seems to go from zero up to Earth normal (in our scenario) as you move 
from the center axis to the surface. 


That also means that the force of gravity is different at your head than at your feet. Remember, 
your feet are clinging to the floor because of friction, but your head is not touching the floor. If 
the centrifuge isn’t big enough, you will feel this differential gravity, and it can be disorienting — 
even dizzying. 


| suggested a scene for the show in which a maintenance man hang-glides the length of the 
centrifuge, jumping from a point at the center of one end, and spiraling along to the other end, 
dipping up and down. It’s the seed of what could become a popular sport in the ship. As 
mentioned earlier however, it will probably be too dangerous to have a single open space inside 
the cylinder. 


If there are indeed internal spokes to “hold the ship together’, they could provide quick 
transportation to the other side, like ladders. You could climb up, feeling lighter and lighter as 
you near the center. You would then need to turn “upside down” and descend “up” to the “sky”, 
which is really the ground 180 degrees around the cylinder. It’s a 2-mile ladder in our scenario, 
1 mile up, and 1 mile down the other side. Or you could walk around about 3 miles (p/ miles, to 
be exact) to reach the same place. 


Here is another complication that might be a problem inside the ship. The early experimental 
image above shows clouds hovering as if under more normal gravity inside the ship. I'm not 
sure clouds would form quite like that — they might gather more in the center, obscuring the 
artificial sun. Since there is no actual gravity inside the cylinder, the air would not necessarily 
settle out by density the way it does on Earth. Air has some viscosity, so it would cling a little to 
the inner surface as it turns. But, like water swirling in a rotating glass, the air would probably 
form a long vortex. 


There will be an eternal breeze inside our centrifuge. | asked someone well versed in both 
atmospheric phenomenon and spaceship design what he thought of that, and while he did not 
think there would be a self-reinforcing gale, we agreed that the behavior of air inside the ship 
requires a lot more study. If you have done a computer simulation of this, you might be the first! 
Don’t forget that there are buildings, trees, hills, and equipment inside to fan the air along. 
Another consideration — would the friction of the breeze on the objects inside remove energy 
from the rotation? | think so. The ship would have to occasionally be spun up a bit by jets firing 
outside. 


Of course, if the ship is compartmentalized, the movement of air would be greatly constricted. 
Weather would develop differently. In either case, | do not think it would spontaneously rain 
inside, because the water, not being subjected to true gravity, would not necessarily fall 
“downward”. It is subject to as much friction as a person’s feet, say, which allow it to cling to the 
“ground”. It might slowly spiral down, dragged down by light friction with air lower down, or it 
might pool at the axis. | suspect we will not know how rain might work until we perform some 
detailed computer and wind tunnel simulations under different conditions. 


Another concern might be the load distribution inside. Cargo aircraft are carefully loaded to 
distribute the weight for stable flight. Smaller items are not a concern; when you walk about in a 
passenger jet, your weight is not significant. The same will hole in our spaceship. The problem 
might arise where we have very heavy loads. We will have some heavy equipment, spacecraft, 
and so on. When it moves, the rolling of the centrifuge might be affected by a principle called 
conservation of angular momentum. Also, we envision hills and lakes inside, which will have 
significant weight. 


The faster something spins, the more careful you have to be. A car tire spins fairly fast, such 
that balancing is required using little lead weights. Our ship will rotate slowly, but over the 
decades, even a tiny imbalance might cause the ship to shimmy. In the worst case, the ship 


would tumble. The artificial gravity would take on a lurching, bucking feel that would be literally 
sickening. This could be countered by firing jets outside in a complicated sequence. 


Spacefaring Society 


Imagine the people on our voyage, nomad who live in a tiny world seeming to go nowhere. 
Humans have survived for months at sea — Captain Cook, for one, spent years away from 
civilization, though he was able to stop to resupply. Astronauts have lived for many months in 
space. But no one has lived the life required by an interstellar journey. How would we plan for 
it? 


In 2011 a program called Mars500 concluded. A handful of men (no women allowed!) lived in 
confinement for 500 days, and were subjected to psychological study. The goal was to learn 
how isolation might affect a mission to Mars. We learned that indeed, men can get along for a 
long period of confinement without becoming mentally unstable or imploding socially. 


We already knew that humans can withstand long periods of isolation. There have been other 
studies like this, and more will be needed. The results of the test will be very useful, but in the 
end we have no choice but to evacuate — however gloomy the test results may be. 


Planning will involve much more. Other considerations include: 


Basic survival 

Government 

Demographics 

Procreation 

Recreation 

Preparation for colonization 


Everyone reading this can doubtless add a dozen more areas of interest. It will take many 
thinkers and doers to make such a venture successful. And because this is such a new kind of 
society, | think that it must be created to be malleable, so that it can be adapted as necessary. 


That sounds a lot like democracy. Trouble is, democracy might not work out very well. There is 
little freedom in a tin can hurling between the stars; the harsh environment combined with the 
highest conceivable stakes involved leave no room for personal agendas. Someone will have to 
specialize in waste management, and if no one chooses to, someone will be drafted. 


Our people may live in some kind of free commune, where the good of all outweighs everything 
else. The engineers will be able to trump other authorities — that’s a situation totally unfamiliar 
to most of us. The closest comparison would be a military ship or space mission. So it seems 
that we must organize around that. 


Government might be designed by engineers — the kind that do organizational change. And the 
government would move through phases: 


Earth-bound government with sole mission to launch the ship 
Launch control with authority until ship is cruising 

Cruising government concerned with mission sustainability 
Planetfall government that kicks in to brake ship at new destination 
Colonial government 


Each of these would largely overlap one another. 


No matter how well-designed, we can count on problems of governance. Designing and 
implementing these governments is a monumental task fraught with minefields. People will 
disagree on just about everything. The saving grace will be that everyone will agree on the 
basic mission. We will unite to a common cause, just as globally, people rose to the challenges 
of World War Il. 


And as complicated as it may be, this government would be far simpler than those with which 
we are familiar. After all, there will not be nations, so there will be no need for a State 
Department. We will not need a Defense department. We will not have need for a Commerce 
department, at least not for quite some time. 


The departments would be oriented to the aspects of survival: engineering functions, food and 
environment, and society. While crimes might be virtually non-existent for awhile, human nature 
is always at play. Eventually someone will want someone else's husband or chicken wire or 
vacation timeshare. There could even be murder. Some social structure will be required for this 
as well as more common problems such as grieving, claustrophobia, recreation, and perhaps 
most importantly, education. 


Might we suggest the following broad characteristics for our government? 


Mission-centric 
Simple 

Flexible 

Rigorous protocols 
Checks and balances 


The problems of governance will likely not be solved in the 50 years before the launch, but a 
framework will be built and then built upon after launch. There is so much uncharted social 
territory involved here that it is nearly impossible to predict what will happen. Therefore 
preparation may take the form of "founding fathers" who focus on the framework rather than 
every detail. 


Our ethics will be greatly challenged during this voyage. Decisions may doom people to death 
in order to save others. A framework of ethics will inform the government. A convenient place 
to start might be the Ten Commandments. I’m going to start with Isaac Asimov's laws of 
robotics instead: 


0. A robot may not harm humanity, or, by inaction, allow humanity to come to harm. 


1. A robot may not injure a human being or, through inaction, allow a human being to come 
to harm. 


2. A robot must obey the orders given to it by human beings, except where such orders 
would conflict with the First Law. 


3. A robot must protect its own existence as long as such protection does not conflict with 
the First or Second Laws. 


We certainly are not robots, but neither are today’s robots able to think independently enough to 
allow these laws to be even remotely applicable. Asimov assumed his robots to be ona 
spectrum between man and machine, and saw a need to program robots to be ethical. So, 
robots aside, what these rules attempt to do is to automate ethics. 


In the real world, robots have killed people. A military robot in South Africa malfunctioned and 
killed nine men. A Swedish robot injured a worker, with a human assist. Still, it is unclear how 
Asimov’s laws can be applied to computer programming. But | digress. 


Because of their simplicity and hierarchical structure these laws makes it easier to thumbnail an 
ethos protocol for humans. Simply substitute the word “person” for “robot” above: 


0. A person may not harm humanity, or, by inaction, allow humanity to come to harm. 


1. A person may not injure a human being or, through inaction, allow a human being to 
come to harm. 


2. A person must obey the orders given to it by human beings, except where such orders 
would conflict with the First Law. 


3. A person must protect its own existence as long as such protection does not conflict with 
the First or Second Laws. 


In the modified Second Law, orders given by human beings would not mean commands by 
individuals, but to obey the law laid down by human beings as a whole. In short, the idea is to 
build a strata of society whereby survival at all levels is demanded, with precedent given to 
mankind as a whole above all else. 


By now you have figured out that | am a science fiction writer, not an ethicist, sociologist, or 
policy wonk. My intent here is only to initiate thought. What do you think a workable 
government in a starship would be? Is the military model the only one? 


Should We Really Be Worried? 


The show concludes with panel members reminding is that we don’t really have to worry about a 
rogue neutron star, but that the Earth will eventually come to an end — so we should think about 
that. It’s a VERY long term problem; we’ll be lucky to survive that long. 


However, we don’t need a hypothetical catastrophe to compel us to plan for self-sufficient 
habitats on other worlds or in space. Our planet faces real dangers — not so dire and imminent 
perhaps as a rogue neutron star — but dangers that will require Herculean efforts to counter. 
The most likely of these include global warming, an asteroid strike, economic collapse, and 
overpopulation effects such as famine. 


These situations require many of the same drastic measures discussed in the Evacuate Earth 
scenario. Also, most of the knowledge and skills needed to successfully launch the ark in our 
scenario are equally applicable to problems facing us in the near future. If we can create a 
sustainable microcosm in which multiple species can survive the harshest of environments, we 
can apply the lessons to our entire, fragile planet. 


In the bigger scheme of things, we may be the only intelligent life in the universe, as arrogant as 
that may sound. Unless we discover otherwise, shouldn’t we hold ourselves as precious and 
preserve ourselves at all costs? 


In recent years our space program has honed in on an interesting goal. Aside from the many 
exploratory craft charting our solar system, we are taking prime interest in the question of life 
beyond Earth. We’re hoping to find fossilized microbes on Mars. We're looking for signals from 
alien beings. We’re scouring the galaxy with programs like Kepler to find planets — not just gas 
giants, but wet rocks in the Goldilocks zone where life can flourish. 


News is rolling in. Almost weekly we read stories about new planets being found orbiting distant 
stars. Astronomers now believe that there are more planets in the galaxy than there are stars. 
That makes sense if other stars are like our own. Our Sun is outnumbered 8 or 9 to one 
depending on how you define “planet”. With a hundred billion stars in the galaxy, we might 
reasonably expect upwards of a trillion planets out there! 


Why are we so interested in life on far-flung worlds? Maybe it’s not so much out of fear of yet- 
undiscovered aliens. Maybe we are having the epiphany that this is to be our own destiny, 
mentally projecting our own life out to the stars. 


On a panel at the Capclave 2012 science fiction convention, | threw out the notion that maybe it 
was our destiny to people the galaxy. An audience member, seeming to object, asked, “Where 
does this destiny come from?” | sensed a trap. He might have thought | was alluding to some 
metaphysical manifest destiny. | quickly confessed that | don’t believe in destiny as such, but | 
do suspect that the question of life beyond the Earth is somehow being asked deep within our 
collective psyche. Perhaps it is our obligation to colonize space, if only to perpetuate our own 
species. Even if a rogue neutron star doesn’t get us, our Sun will certainly fry the Earth, in the 
very far future. 


The idea originated during my interview for Evacuate Earth. The director was interested, so he 
asked Hakeem Oluseyi, who was interviewed next: “If we are alone in the universe, do we have 
a moral obligation to populate the galaxy?” 


Hakeem flatly said, “No,” not having given the matter any thought. Clearly it ran against his 
grain. But then he paused, rolled his gaze skyward, and began an eloquent speech. His thesis 
was that the “purpose” of the universe, if any, is to make photons, and he began with the Big 
Bang. 


Then he cited the Sun, and how all life on Earth would not exist without the Sun. Including 
humans. The crew and | were hanging on his next word. Humans create photons too, Hakeem 
pointed out, and just as he neared a profound conclusion that was to be more provocative than 
mine, he faltered. “Humans create photons too,” he was saying, “and... and... and | don’t know 
what the hell I’m talking about!” 


Do’h! He was brilliant, and would have made a fascinating speech if not fettered with the 
original framework of the question. | hope someday the seed bears fruit of one kind or another. 


So no, we should not worry about a rogue star sneaking up on us from deep space to devour 
the world. We should worry not about only the quality of our earthly habitat, but also our ability 
to create a self-contained, sustainable biosphere. We will learn much-needed lessons for now 
and the future. 


The next time you step outside, look around and imagine that you have travelled to this world 
from a distant, dead one. Imagine your race ruined their home world and have now come to the 
Earth. Knowing what fate could befall a mistreated world, what steps would you take to make 
sure this new world doesn’t suffer the same fate? 


* * * 


Television Production Notes 


Evacuate Earth was produced by Atlas Media Corp, which is based in New York. Bill McClane 
was the writer, director, and producer with additional direction by Ted Schillinger (Florida), and 
Matt Koed (Springfield, VA.) Sevita Qarshi was the associate producer. 
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A treatment was sold to the National Geographic Channel sometime in 2011. By the Fall of 
2011, the treatment was being refined as McClane researched and conducted interviews with a 
cadre of subject-matter experts. A story summit planned for November 15, 2011 was delayed 
until December, then canceled. Instead, McClane conducted a series of one-on-one, in-person 
and telephonic interviews. | participated in a couple long phone calls, and many lengthy email 
exchanges in which | made many suggestions, and commented on developments that were 
sent to me. 


Interviews were conducted early 2012, with more in late July. Production wrapped shortly 
before the initial airing on the National Geographic Channel, December 2, 2012. 


Production Team 





Writer-Director Bill McClane on the set of ALIEN INVASION: ARE WE READY? 
(Photo by David Bartell) 





Associate Producer Sevita Qarshi on the Springfield, VA set of EVACUATE EARTH 


(Photo by David Bartell) 
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Producer-Director Matt Koed on the Springfield, VA set of EVACUATE EARTH 
(Photo by David Bartell) 


Expert Panel 
David Aguilar — Harvard Smithsonian Center for Astrophysics 


Catherine Asaro — Physicist, Chemist, Science Fiction/Fantasy Author 





Catherine Asaro on the EVACUATE EARTH set 
(Photo by David Bartell) 


David Bartell — Science Fiction/Fantasy Author 





David Bartell on the set of EVACUATE EARTH 
(Photo by Sevita Qarshi) 


Paul Falkowski — Professor of geological sciences, Rutgers University 


Heather Gautney — Professor of Sociology, Fordham University 





Heather Gautney on the set of EVACUATE EARTH 
(Photograph by Atlas Media Corporation/ Sevita Qarshi) 


Les Johnson — NASA Deputy Manager, science fiction author 





Les Johnson on the set of EVACUATE EARTH 
(Photograph by Atlas Media Corporation/ Sevita Qarshi) 


Jason Kring — Assistant Professor at Emery Riddle 
Paul Levinson — Author, media guru 
Kevin Long — Physicist, Icharus project VP 


Hakeem Oluseyi - Astrophysicist, inventor, science educator 





Hakeem Oluseyi on the set of EVACUATE EARTH 
(Photo by David Bartell) 


Fernando Rivera — Associate professor, sociology, University of Central Florida 


Caleb Scharf - Director of Astrobiology, Columba University 





Caleb Scharf on the set of EVACUATE EARTH 
(Photograph by Atlas Media Corporation/ Sevita Qarshi) 


Sarah Seager — MIT Professor of Exoplanets & Physics 
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Sarah Seager appearing on EVACUATE EARTH 
(Photograph by Atlas Media Corporation/ Sevita Qarshi) 





Karl Stepelfeldt — NASA astrophysicist 
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Karl Stapelfeldt on the set of EVACUATE EARTH 
(Photograph by Atlas Media Corporation) 


Location, Cast, and Extras 


In early 2012, a Facebook announcement from Embry-Riddle Aeronautical University read, 
"Want to be part of a National Geographic special? Extras/actors needed for production of 
"Evacuate Earth" to be filmed on Daytona Beach Campus. Student, Staff, and Faculty needed 
on Monday the 30th from 3-6 pm." The facility was chosen as the location for the fictitious 
“Starship City” because of its uniquely modern appearance. Indeed, much of the architecture 
has an aeronautical feel to it, with roof lines looking like bright sweeping airfoils — an update, 
perhaps, to the futuristic look of Dulles International Airport. 


Not only were building interiors and exteriors used as a backdrop during the May shooting, but 
two professors were interviewed, and a number of students and local residents appear as 
extras, fleeing an atmospheric breach from neutron star radiation, for example. This is another 
Facebook announcement, from the Film Orlando page: 

"Looking for Extras/Background May 7th-10th. Atlas Media Corp., in association with the 
National Geographic Channel, will be filming on the UCF Campus May 7 — 10 (and on the 
ERAU Campus, Daytona Beach, April 30-May 4), and is looking for extras/background for their 
upcoming event “EVACUATE EARTH”. 

And another: 


“The production is a “what if’ scenario... what if we were forced to evacuate a doomed planet 
Earth? The scenario will be backed up with hard science and results from accredited experts. 
Locations will include the UCF Observatory, the arboretum, and other assorted settings!” 
Typical of this kind of production, film and support crews were also hired locally. Here is a 
partial list of participants. 

Krystal Dorsey — Stunt performer/actor 

Tasha Green — Featured actress (newscaster at Starship City) 

John A Hawley — Production Assistant, grip 

Nathan Herzog — production assistant, camera 

Karen LeBlanc — Actress 

Hal London — Featured extra 


Joey Maxwell — Launch director 


Krystle McMullan — Astronaut. Regrettably, Ms. McMullan’s scenes did not make the 
final cut of EVACUATE EARTH. 


Dioscamaris Mendez — Camera 


Daniel Wachs — Actor, played Astrophysicist Dr. Lawrence Kellog 
John A Hawley — Production Assistant, grip 
Nathan Herzog — production assistant, camera 


Joey Maxwell — Launch director 


